REMARKS 



Claims 1-29 are pending in the application. Claims 1-29 are subject to restriction. 
The Examiner made three groups, Group I (claims 1-7), drawn to a method for producing a 
replication master, Group 11 (claims 8-18), drawn to a replication method, and Group III. 
(claims 19-29), drawn to a replication master. 

Amendments are made to independent claims 1, 8, 10, and 19. In particular, the 
"smoothening*' layer is clarified in claims 1 and 19, and the literal elements of claim 1 are 
added to claim 8, so that it no longer relies on any other claim. Claim 1 0 is amended to 
correct a typographical error. 

ELECTION; 

The Applicant elects Group II, claims 8-1 8. 

WITH TRAVERSE; 

The Applicant traverses the present restriction as being improper under PCT Rule 13, 
which describes the Unity of Invention. 

Including three related independent claims is specifically authorized as under the PCT Unitv 
rules, as described in the MPEP 

Unity can exist in a single application that contains independent claims to a product, a 
method for making the product, and a method for using a product, as addressed in MPEP 
1893.03(d) and MPEP 1850 III.A(A), which specifically states: 

The method for determining unity of invention 
under PCT Rule 13 shall be construed as permitting 
in particular, the inclusion of any one of the 
following combinations of claims of different 
categories in the same international application ; 

(A) In addition to an independent claim for a 
given product , an independent claim for a process 
specially adapted for the manufacture of the said 
product , and an independent claim for a use of the 
same product ; (MPEP 1830 III.A(A)) (Emphasis added) 

The Exaniiner*s own characterization of the claims in the restriction requirement fit 
this scenario exactly. The independent claims include: 

a) "a given product" (Claims 19-20 "drawn to a replication master''); 
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b) "a process specially adapted for the manufacture of the said product" (Claims 1-7 
drawn to a method for producing a replication master and 

c) "a use of the same product" (Claims 8-18 ''drawn to a replication method'). 
Thus, the Unity of invention is preserved even though three separate independent 

claims are included in the same application, as MPEP 1830 specifically permits such an 
application. 

The Unitv of Invention standard is different than standard US Restriction practice 

The Standard for Unity of Invention under the PCT differs from standard US 

Restriction practice. The confusion between the two prompted the MPEP to include, as one of 

the first paragraphs of MPEP 1893.03(d): 

Examiners are reminded that unity of invention (not 
restriction practice pursuant to 37 CFR 1,141-146) 
is applicable in international applications (both 
Chapter I and II) and in national stage applications 
submitted under 35 USC 371, (MPEP 1893,03 (d)) 

The present application is a national stage application, and thus the Unity of Invention 
Rules apply. 

The International Searcher and European Examiner found Unitv in the International 
A pplication 

The present application is a US National Stage application fix>m an original PCT 
application PCT/EP2004/053158. Both the International Searcher and the European 
Examiner have analyzed the exact same claim grouping as in the present application, and 
each of them has independently concluded that Unity exists in this case with three 
independent claims. 

The *158 PCT application matured into European Patent EP 1,535,71281, which was 
granted January 14, 2009. The European Patent is attached as Appendix A to this response. 
Note that the granted '712 European Patent includes claims directed to: 

- Method for producing a replication master (Claim 1); 

- Method for producing a smooth object using a replication master (Claim 

5);and 

- A replication master (Claim 16). 
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Two separate patent professionals have reviewed the pending claims using the PCT 
Unity of invention rules and found Unity in this case. This is strong evidence that the US 
Examiner is applying a different, more restrictive, standard for Unity than the proper 
standard. It is respectfully requested that the Examiner reverse the holding that Unity is not 
present in this case, especially in light of an issued European counterpart patent that issued 
with claims directed to the same subject matter as in the present application. 

Conunon Technical Feature 

The Examiner exclaims that the conmion technical feature of the pending claims is "a 
replication master having a low surface roughness, an external surface shape which at least 
partially corresponds to a counterform of a surface of an object, wherein at least a part of the 
master is coated with a smoothening layer made of a soluble material," and then states that 
this feature was known in the prior art as evidenced by Skinner, US 4,690,370. 

Skinner was known to the Applicants and was submitted to the USPTO in an IDS 
upon filing the present application. 

Skinner contains a smooth laver. not a smoothening laver 

A copy of the response to the European Examiner referring to Skinner was supplied as 
IDS materials and are part of the application wrapper. As described to the European 
examiner, who iiltimately allowed the European patent EP 1,535,71281 to issue with claims 
similar to those that are now pending in the present case after amendment, Skiimer teaches 
providing a smooth surface coating 34 on a surface portion 32 of a mold 24. The sxnface 
coating 34 may be made by sputtering, as taught in column 2, line 1 6 of Skinner. 

Skinner repeatedly emphasizes that the roughness on top of the surface coating 34 is 
exactly identical to the roughness of the surface portion 32 on which it has been grown. For 
example. Column 1, lines 57-65; Column 2 lines 13-19, column 4, lines 20-31, as well as in 
claims 1 and claim 4 of Skinner. 

All of these passages repeatedly point out that the surface roughness values of the 
surface portion 32 and its surface coating on top 34 are absolutely identical - 12.5x10*^ 
meters RMS. Thus, the surface coating 34 is not a "smoothening layer" in that it is not 
smoother than its underlying layer, but rather siuface coating 34 is a smooth layer because its 
underlying layer is already smooth. 
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Skinner, in Column 4 lines 26-3 1 makes clear that the surface roughness value of the 
"substrate" is obtained *1)y smoothing the surface portion 32 of the mold 24 until it has a 
roughness of no more than about 12.5x10'^ meters RMS. 

When this roughness value is obtained, the surface coating 34 is grown on the surface 
portion by sputtering, but the smoothness of the surface coating 34 is not more smooth than 
the substrate. 

In other words, the surface coating 34 proposed in Skinner is smooth (at least in the 
sense of Skinner's purposes) because it is grown on an already-smooth substrate, but 
Skinner's surface coating 34 is not a "smoothening" layer as taught by and claimed in the 
invention. 

Claimed embodiments of the invention include a smoothenine layer 

Claimed embodiments of the invention, conversely, specifically provide a layer diat 
provides a smoothening function, which, due to flowability of the material, displays a smaller 
roughness at its top surface than the surface on which it has been grown, as included in 
independent claims 1, 8, 19, and as described in the application specification on page 3, lines 
4-19. 

Unitv is preserved bv the conunon technical feature 

As illustrated in the above passages, there is a common technical feature of a 
replication master that is coated with a smoothening layer having a particularized flowability. 
As this common technical feature is included in each of the independent claims, and the PCT 
Unity of Invention rules allow for multiple independent claims to be within a single national 
stage patent application provided there is a common technical feature, as specifically 
described in the cited MPEP passage above, the Applicant respectfully requests that the 
Examiner reconsider the position on Unity, and agree that Unity exists in the present 
application. 
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The Examiner is encouraged to telephone the undersigned at (503) 222-36 1 3 if it 
appears that an interview would be helpfiil in advancing the case. 



Respectfully submitted. 




Customer No. 20575 

MARGER JOHNSON & McCOLLOM, P.C. 
210 SW Morrison Street, Suite 400 
Portland, OR 97204 
503-222-3613 
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Description 

[0001] The present invention relates to a method for 
producing a replication master having a surface with low 
roughness, comprising the steps of forming said master 
such as to have a desired external surface shape which 
at least paitially corresponds to a counterform of a sur- 
face of an object to be produced by replicatton, and treat- 
ing said external surface of said master to obtain a pre- 
determined surface roughness value. 
[0002] Such a method Is for example known from doc- 
ument US 4,525,853 which disdoses a method accord- 
ing to the preamble of claim 1 and a master according to 
the preannble of daim 16. This document describes the 
case of a replication master which Is to be used for pro- 
dudng an X-ray focussing minnor comprising a plurality 
of layer pairs for reflecting and simultaneously focussing 
X-rays. 

[0003] As described in this prior art document, the 
master is made f n>m a metal material resembling a cone, 
the extemal surface shape of which corresponds to the 
curved counterform of the surface of the mirror to be pro- 
duced by replication. 

[0004] This replicatton process which follows the pre- 
liminary production of the replication master essentially 
comprises coating the master with suitable mirror mate- 
rials, for example by molecular beam epitaxy (MBE) dep- 
osition or other deposition methods well-known In the 
field of monolayer or multilayer production. 
[0005] As is also well-known, the master surface on 
which these layers are grown, has to be as smooth as 
possible in order to grow smooth layers having a low 
surface and interface roughness which negaliveiy effects 
the min-ors reflectivity. 

[0006] In order to provide the master surface with the 
desired shape, namely the counterform of the object to 
be produced, and to simultaneously reduce the rough- 
ness of the master surface the prior art therefore propos- 
es to treat the master surface by diamond turning. As Is 
well-known, diaoMnd turning leads to surfaces which 
took smooth on a macroscopto scale, but today the opti- 
mum roughness obtainable by this method is in the order 
of 20 Angstrfims (root mean square, mis) and thus still 
much too high to deposit monolayers, bi layers or multi- 
layers for optical purposes on such a master (ike for ex- 
ample for producing X-ray optics and other high perform- 
ance optics. In general, it is desired to deposit monolay- 
ers on a substrate having a roughness of not more than 
approximately 5 AngstrSms in order to limit the surface 
roughness of such monolayers. For the deposition of bl- 
or multilayers, one has to take into account that the in- 
terfacial roughness between consecutive layers may in- 
crease, so that the surface of the topmost layer will have 
a roughness which significantly exceeds the roughness 
of the substrate on which the entire assembly Is depos- 
ited. It is therefore in general desired to use substrates 
having a surface roughness of less than approximately 
5 Angstrfims (rms) for the deposition of bl- or multilayers. 



[0007] The prior art therefore proposes a second kind 
of surface treatment to be applied, namely mechanteally 
polishing the diamond tumed master surface. This me- 
chanical polishing can reduce the roughness of the mas- 
5 ter surface to values of approximately 5 Angstrdms or 
less, 80 that the master can then successfully be used 
for the production of optical components by replication. 
[0008] i-lowever, the necessary poDshing or superpol- 
tshlng operation Is extremely time-consuming, difficult 
10 and therefore expensive. 

[0009] It Is therefore an object of the present inventton 
to improve a method for produdng a replication master 
as known from the prior art In such a way that a roughness 
of the master surf ace In the orderof only some Angstroms 
'5 can be obtained without any mechanical poRshing. 
[0010] According to the invention this object can be 
achieved when said method comprises the step of coat- 
ing at teasta part of saidmaster with a smoothening layer 
according to claim 1. 
20 [001 1 J This smoothening layer is a layer which due to 
a certain flowability of its material displays a smaller 
roughness at its top surface than the surface on which it 
has been grown, in contrast to for example ordinary me- 
tallic monoiayerB, the surface of whteh usually displays 
25 a larger roughness than the surface of the substrate on 
which they have been grown. 
[0012] Thus, according to the Inventton a diamond 
tumed master surface having a roughness of approxi- 
mately 20 Angstrdms can be coated with such a 
30 smoothening layer displaying a roughness of only 5 Ang- 
strbms or less after the end of the coating step. The sur- 
face of ttie smoothening layerthen forms tiie new smooth 
master surface. 

[0013] Advantageously, said smoothening layer Is ap- 
35 plied by dip-coating or spin-coating a liquid smoothening 
material on said master and hardening said smoothening 
material. Dtp-coating and spin-coating are well-known 
technologies and will therefore not be described in detail, 
it should, however, be pointed out that these coating tech- 
no nlques are much less time-consuming to realise than the 
polishing or superpollshing techniques proposed in the 
prtorart 

[0014] As is well-known In the field of replication, and 
for example also explained In the above-discussed prior 
45 art document US 4,525,853, the object to be produced 
by replication is fonned on the smooth master surface 
and has to be released at the end of the production op- 
eration. In an embodiment, the nrethod according to tiie 
Invention can therefore comprise the step of coating at 
so least a part of saM master with a release layer. This re- 
lease layer is then chemically or mechanically removed 
when production of the object is temnlnated. so that con- 
tact between the master and tiie object gets lost and the 
cone-shaped master can be pulled outof tiie sun'oundlng 
55 object, in case the release layer Is deposited on top of 
the smoothening layer, the master can therefore be re- 
covered with the smoothening layer still being on top of 
the master surface, so that the smooth master can Im- 
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mediately be re-used for the production of another object 
In a next replication cycle. 

[0015] However, It is also possible to provide the re- 
lease layer between the master core and the smoothen- 
tng layer, in this case only the core of the master will be 
recovered, whereas the smoothening layer will stick to 
the object separated from the master. The smoothening 
layer may then have to be removed from the object 
[0016] In an advantageous embodiment, the 
8nfK>othenin9 layer takes overthe role of the release layer 
thus preventing from the coating of a release layer. 
[0017] In a particularly advantageous embodiment 
said smoothening layer and/or said release layerls made 
of a soluble material, in particular a soluble polymer ma- 
terial, for example a PMMA photoresist At the end of the 
object production process, the object can then easily be 
separated from the master by Immersing the master with 
the object on top In a suitable solvent in case of a 
smoothening layer and/or release layermade of a PMMA 
photoresist acetone can be chosen as such a suitable 
sohfent. 

[0018] In all the above-descrlbed embodiments, the 
method for producing a replication master according to 
the invention leads to a master having an extremely 
smooth surface, which Is fornied either by the smoothen- 
ing layer or the release layer, so that one can then easily 
continue the method for producing the replication master 
to a complete replication method for producing a smooth 
object having a low surface roughness, comprising the 
steps of producing a replication master by a method ac- 
cording to any of the above-discussed embodiments, 
coating at least a part of said master with an object ma- 
terial such that the surface of said object con-esponds to 
a counterfomi of said master, and releasing said object 
from said master. 

[001 9] The releasing step can in principle be executed 
by cooling the master so that it shrinlcs nrtore than the 
surrounding object 

[0020] Advantageously, however, said releasing step 
comprises dissolving said smoothening layer and/or said 
release layer on top of said master by a solvent As al- 
ready explained above, acetone may be chosen as a 
suitable solvent for example In the case of a smoothening 
layer and/or a release layer nnade from a polymer mate- 
rial, for example a PMMA photoresist. 
[0021] No matter how the releasing step is realised, it 
leads to the separation of the master from the object pro- 
duced by replication. In case of optical components to 
be produced, for example reflective multilayer mirrors for 
X-rays. EUV or IR or synchrotron radiation, laser light or 
neutrons, the object may be too thin and h^gtle to be 
used as a stand-alone device. It is therefore advisable 
to transfer the object produced on the master to a idnd 
of substrate before separating It from the master. An ad- 
vantageous improvement of the repfcatlon method for 
producing the smooth object according to the invention 
therefore comprises the step of providing glue to said 
object and/or to an object support and glueing them to- 



gether before executing said releasing step. By doing so 
the object can bestabily transfenredtothe objectsupport 
before executing the releasing step, i.e. before separat- 
ing the otject from the master. In the above-discussed 

s case In which the releasing step comprises dissolving 
the smoothening layer and/or the release layer by a sol- 
vent this means that the entire set-up of the master with 
the newly produced object on top and the object support 
glued to them Is immereed into the soh^ent. In this case 

10 it is of course important to make sure that the glue itself 
is not attacked by the solvent In order not to lose the 
stable contact between the object and the object support 
[0022] The amount of glue used in this embodiment 
can be chosen such as to fill gaps between said object 

IS and said object support. This leads to the following ad- 
vantage provided by the method according to the inven- 
tion: 

[0023] Replication methods used for producing optical 
devk:es are usually based on cone-shaped replication 

20 masters onto which the optical devtee. I.e. the object, is 
grown. One can imagine the object as a kind of circum- 
ferential *sk1n' of the oone-shaped master, which then 
has to be transferred to the object support. Usually the 
object support therefore has to be rether precisely pre- 

25 shaped to have an external shape which more or less 
coresponds to the countertonn of the object This in- 
volves prefiminary machining steps during the production 
of object supports, and In particular different kinds of ob- 
ject support have to be prepared for different kinds of 

30 objects to be transfen^d to these supports, e. g. objects 
having different sizes. With the above-proposed possi- 
binty of choosing the amount of glue such as to fill gaps 
between the object and the object support, It is sufficient 
to less precisely preshape each individual object support 

35 or even to on ly provide one type of object support con^ 
spondlngto the largest type of object, and smaller objects 
can be carried by such an object support, e. g. In a recess 
of the support, by simply filling more glue into this recess. 
[0024] As already mentioned before, in one embodi- 

^ ment of tiie replication method acoordingto the invention, 
sak:! object is an optical device, e.g. a reflection or trans- 
mission monolayer, bilayer or multilayer. Without any lim- 
itation, one can e. g. mention Au monolayers, W/5I mul- 
tllayers, Pt/C muitilayere, Mo/S) multilayers etc. as such 

45 optical devbes. whk:h are commonly used In X-ray, EUV 
or synchrotron scattering appllcattons, for example mac- 
romolecular X-ray crystallography or X-ray diffraction 
analysis. 

[0025] Even ttiough the mettiod according to the In- 
so vention allows to obtain a smooth master, and tt)e sub- 
sequent steps of tiie repltcation method for producing the 
object are in principle well known, exceptional distur- 
bances may occur either during coating tiie master with 
the smoothening layer or during the subsequent deposl- 
^ tion of the object on the smoothened master surface. 
Regardless of whether these disturisances are mechan- 
ical or chemical in nature, they will negatively affect the 
surface profile of tiie object and/or its optteal behavbur. 
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It would of couree be extremely inefficient to discover e. 
g. a dlsturt^ance due to an Irregular smoottiening layer 
only after having released the entire finished object fronn 
the master. In a further development it is therefore pro- 
posed that the replication method according to the Inven- 
tion furthermore comprises the step of charecterislng 
said optical device on top of said master before executing 
said releasing step, wherein said characterisation step 
may e. g. comprise perfonning a profllometry and/or a 
reflectometry measurement of said optical device. 
Whereas proftlometry analyses the surface shape of the 
object, reflectometry will directly yield infomiation about 
Its optica) behaviour. Such a characterisation should be 
made when a multilayer object is finished and It can even 
be made after the first few layere of the multilayer object 
have been deposited on the master surface. If during this 
characterisation important disturbances are observed, 
one can immediately interrupt the further production of 
the object, separate the object as it is at that time from 
the master and start a new replication cycle. In other 
words, one can e. g. coat the master with a fresh 
smoothening layer and restart the deposition of the first 
layers of the multilayer object, thus avoiding unnecessary 
production steps in order to save time and cost TTiis Is 
particulariy advantageous when the releasing step Is ex- 
ecuted chemically by means of a solvent dissolving the 
release layer or the smoothening layer which in this case 
simultaneously takes over the role of a release layer, 
Indeed one may Increase the life time of the master com- 
pared to a mechanical releasing step. 
[0026] The latter embodiments were based on the as- 
sumption that the object deposited on the master is the 
optical device to be produced Itself. In an alternative em- 
bodiment of the replication method according to the in- 
vention, however, the object can be a substrate for en 
optical device. In this case the replication method serves 
to produce an extremely smooth substrate. By means of 
the above-discussed transfer step of providing glue to 
the object and/or to an object support and glueing them 
together before releasing the object from the master, this 
extremely smooth substrate can be stably transferred to 
an object support which In this case takes the role of a 
substrate holder. This extremely smooth substrate pro- 
duced by repricatlon may then be used for the deposition 
of an opttoal device like e. g. an X-ray multilayer by well- 
known deposition methods, in order to avoid any conv 
plications due to Incompatible nraterials or in order to 
reduce the number of steps it is then recommended that 
the object material and th e material of said glue are iden- 
tical. In this case It may be completely sufficient to coat 
the smoothened master with a thick layer of glue and to 
attach the thus prepared master with the glue layer on 
top to an object support After hardening of the glue and 
removal of tiie smoothening layer and/or the release lay- 
er and subsequent removal of the master, the object sup- 
port will have an extremely smooth substrate made from 
hardened glue on top, tiie external shape of which cor- 
responds to the counterfonm of the smoothened master 



surface. 

[Q027] Advantageously said object material and said 
glue comprise epoxy resin. This material can be easily 
applied to the smoothened master surface anchor the 
s support surface in its liquid state, and after hardening it 
will serve as a stable substrate on whtoh an optical mul- 
tilayer may be deposited. 

[0026] in a further development of this latter embodi- 
ment, In which the replication method according to the 
70 Invention is used to produce an extremely smooth sub- 
strate, the method may furthermore comprise the step of 
coating at least a part of said master with a protection 
layer on top of said smoothening layer or release layer 
before applying said object material. This option may in 
IS particular be taken advantage of if tiiere is a risk that the 
smootiiening layer will be negatively affected by direct 
contact with the epoxy resin or other glue or that the epoxy 
resin or ottier glue nr^y be attacked by the solvent The 
protection layer can therefore be used to protect the 
epoxy resin or other glue during the releasing step and 
subsequent deposition steps. This protection layer may 
e. g. be a thin metal layer. As it is directly deposited on 
the smoothening layer or on the extremely smooth re- 
lease layer, it will also display an extremely low surface 
roughness on its top surface, so that it also represents a 
smooth substrate for the further deposltton of an optical 
device after the releasing step. 
[0029] The invention furthermore relates to a replica- 
tion master for producing a smooth object having a low 
surface roughness, said master having an external sur- 
face shape which at least partially corresponds to a coun- 
terfonn of a surface of said object, characterised in that 
at least a part of said masteris coated with a smoothening 
layer. 

[0030] As explained above, this replication master can 
be produced by the method according to the invention. 
Such a smoothened repllcatton master can In general be 
used for any kind of replicatk)n productton method with- 
out any limitation to the field of optical devices or other 
monolayers, bilayers or multilayers. 
[0031] Furthennore, such a replication master accord- 
ing to the invention can at least partially be coated with 
a release layer in order to facilitate release of a future 
object produced by repltoation from tiie master itself. 
[0032] Finally, in an advantageous embodiment said 
snnoothenlng layer and/or said release layer is made of 
a soluble materia), in partbular a soluble polymer mate- 
rial, for example a PMMA photoresist 
[0033] In the following some advantageous embodi- 
ments of the method according to the invention will be 
illustrated with reference to the accompanying drawings 
In whfch: 

figure 1 shows a perspective view of an ideal cone- 
shaped replication master; 

figure 2 shows a perspective view of a corresponding 
object support; 
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figure 3a shows a perspective view of a real replica- 
tion master having a rough surface; 

figure 3b is a front view of the broad end of the master 
In figure 3a; 

« 

ftgu re 4a Is a schematic perspective view of the mas- 
ter in figure 3a aftercoatog with a snrraothenlng layer; 

figure 4b Is a front view of the broad end of the master 

in figure 4a; 

figure 5a is a schematic perepectlve view of the mas- 
ter in figure 4a after additional coating with an optical 
monolayer; 

figure 5b is afrontviewof thebroadendofthenrmster 

in figure 5a; 

figure 6a is a schematic perspective view of the mas- 
ter in figure 6a glued to the object support In figure 2; 

figure 6b is a front view of the broad end of the master 
and object support In figure 6a; 

figure 7 is a schematic perspective view illustrating 
the releasing step of the method according to the 
Invention; 

figure 8 Is a schematic frent view illustrafing removal 
of the replication master from the object and object 
support in figure 6b after the releasing step; and 

figure 9 is a schematic view similar to figure 8 in the 
case of an alternative embodiment of the method 
according to the invention. 

[0034] Figure 1 shows a perspecthre view of an ideal 
replication master 10 used for the production of aspher- 
ical optical devices, for example monolayers, biiayers or 
multilayers, which are used as mirrors in X-ray, EUV, 
synchrotron or neutron scattering research. The master 
10 is typically made from metal material and Is cone- 
shaped, 80 that an object, in particular an optical device 
deposited on the master surface will have the desired 
curvature for focussing and/or colllmating purposes. 
[0035] The optical layer deposited on the surface of 
the master 10 will finally be transferred to an object sup- 
port 1 2 shown in figure 2. This object support 1 2 can be 
a rectangular block of metal or other stable material hav- 
ing a length corresponding to the axial length of the mas- 
ter 10 and being provided with a recess 14 the shape of 
which comesponds to a counterform of a part of the ex- 
ternal surface of the master 10. For example, as shown 
in figures 1 and 2, the recess 14 In the object support 12 
is approximately shaped such that it can receive half of 
the master 10 when inserted Into recess 14, the other 
half of the master 10 protruding from the object support 



12. 

[0036] In the field of optical device production it is well- 
known thai the Idealistic representation of the master 1 0 
having smooth surfaces in figure 1 does not correspond 
5 to reafity when produced by the shaping processes de- 
scribed above, e.g. diamond turning. Rather the master 
10 has to be imagined as having rough surfaces, as is 
schematlcaify shown in the perspective view of figure 3a 
and in the fix) nt view of the broad end of the cone-shaped 
10 master 10 In figure 3b. Even after diamond turning the 
surface roughness of the master 1 0 will still be in an order 
of magnitude of approximately 20 A. Directly depositing 
an optical monolayer, bllayer or multilayer on top of such 
a rough master 10 would yield surface and interface 
IS roughness values of the optical layer(s) in at least the 
same order of magnitude reducing their reflectivity to val- 
ues which would prevent their use in modem opUcal de- 
vices for research or Industrial purposes. 
[0037] According to the Invention, the rough master 10 
20 Is therefore coated with a smoothening layer 16. The 
smoothening layer 1 6 can for example be applied by dip- 
coating. I.e. dipping the rrmster 1 0 into a tanlc containing 
the smoothening layer material, removing the master 10 
from the tank and. If necessary, curing the thin layer 16 
^ which adheres to the master surf ace, for example by spe- 
cial themnal treatments well-known in the art After this 
hardening process the surface of the smoothening layer 
1 6 has a much smaller roughness as the master surface 
on whk:h it has been grown. The hardened and smooth 
surface of the smoothening layer 16 therefore forms an 
ideal basis for the deposition of an optical monolayer, 
bllayer or multilayer. 

[0038] As suitable smoothening layer materials a liqukl 
and curable polymer, in particular a PMMA photoresist 
can be chosen. 

[0039] it is to be noted that the schennatk; views in fig- 
ure 4a (perspective view) and In figure 4b (front view) are 
not to scale. In the front view of figure 4b, for example, 
the smoothening layer 16 surrounding the metallic mas- 
ter core 1 0a is expanded in size for illustrative purposes. 
In reality the thickness of the smoothening layer 16 will 
e.g. amount to some micrometers, so that the width of 
the entire master 10 is still dominated by Its master core 
10a on top of which the smoothening layer 16 is depos- 
ited. 

[0040] Figu res 5a and 5b schematteal ly show the result 
of the next step of the replication method according to 
an embodiment of the invention. In these figures, the 
master 1 0 shown In figure 4a and 4b has, for reasons of 
simplicity, been coated with only one additional layer 1 8, 
for example a gold layer to be used as a reflecting mirror. 
This deposition of the gold layer 18 can for example be 
realised by a physical vapour deposition method such as 
magnetron sputtering deposltton or Ion beam sputtering 
or by molecular beam epitaxy (M6E) deposition or by 
chemical vapour deposition. In figure 5a and 5b the goM 
layercompletely sunvunds the entire circumferential sur- 
face of the master 10, l.e. the entire smoothening layer 
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1 6. However, it is generally possible to flmltthe deposition 
of the gold layer 1 Bto only a part of the master's surface. 
In this case, It is also generally possible to linnlt the dep- 
osition of the smoothening layer t6 on top of the nrmster 
core 10a to only those regions of the master 10 which 
will subsequently be used for the gold layer deposition. 
In both cases one can obtain a highly cun/ed gold minnor 
having the desired curvature for focussing and/or collV 
mating purposes by a gold deposition on a convex rep- 
lication master surface avoiding possible shadowing 
problems when directly depositing on the final concave 
substrate. 

[0041] In the following steps of this embodiment of the 
method according to the invention, the optical layer 18 
produced on top of the master 10 has to be transfen^ 
to the object support 1 2 shown In figure 2, more precisely 
into its correspondingly shaped recess 14. 
[0042] For this purpose, the external surface of the op- 
tical layer 18 shown In figures 5a and 5b anchor the sur- 
face of the recess 14 are provided with an epoxy glue, 
the master 1 0 with the optical layer 1 8 on top Is inserted 
into the recess 14 as schematically shown In the per- 
spective view of figure 6a, and the glue layer fonning in 
the recess 14 and Mng the master 10 with the optical 
layer 18 on top to the object support 12 is allowed to 
harden. 

[0043] Rgure 6b shows a schematic front view of the 
master 1 0 and the object support 12 after executing this 
glueing step according to the invention. An epoxy glue 
layer 20 bonds the object support 1 2 to the optical layer 
18 surrounding the smoothening layer 16 which In turn 
sunvunds the mastercore 1 0a. Again it has to be pointed 
out that figure 6b is not to scale, and that ail layer thick- 
nesses ana considerably exaggerated for clarity purpos- 
es. As mentioned above, the smoothening layer 16 will 
for example have a thickness of several micrometers. 
The thickness of the optical layer 18, however, may only 
amount to several nanometers in case of a monolayer or 
some hundred of nanometers or even some mtorometers 
lncaseofacomplicatedoptk»lmultilayer18,forexample 
a W/Si multilayer for X-ray crystallography or a Co/Ti su- 
pennlnvr to be used as a polarising mirror for neutron 
reflection. The giue layer 20 bonding the optical layer 1 8 
to the support 1 2, however, may have a Uiickness of sev- 
eral millimeters. In a particularly advantageous embodi- 
ment of the Invention the epoxy glue layer 20 may even 
have different thickness values at different axial positions 
of the master 1 0. This allows to avoid any time-consum- 
ing pre-shaping of the recess 14 provided in the object 
support 12: 

[0044] in this case, the ob]ect support 1 2 can be pro- 
vMed with a simple rectangular recess 14, the length of 
which approximately corresponds to the axial length of 
the master 10, and the width of which Is slightly larger 
than the width of the broad end of the nrmster 1 0 (the right 
end of the master 10 in figure 1). One can then simply 
fill the rectangular recess 1 4 with epoxy glue up to a suit- 
able level and Immerse the master 10 with the optical 



layer 18 on top into the glue, leading to a small width of 
the epoxy glue layer 20 dose to the broad end of the 
master 10 and to a larger thickness of the epoxy glue 
layer 20 close to the small end of the master 10. 
s [0045] After hardening of the glue layer 20 the master 
1 0 has to be removed frorn the optk:al layer 1 8. In order 
to complete Its transfer to the object support 1 2. 
[0048] This releasing step is reafised by Immersing the 
entire set-up shovm in figures 6a and 6b into a tank 22 
10 filled with a soh^ent, for example acetone. The solvent 
dissolves the smoothening layer 16. for example the PM- 
MA photoresist. The entire set-up is then carefully taken 
out of the tank 22. As shown In figure 8, the optical layer 
18 is still firmly bonded to the object support 12 by the 
15 glue layer 20. whereas the reprrcation master 10 is no 
longer connected to the optical layer 1 8 as the connecting 
smoothening layer 16 has been dissolved. The master 
1 0 can therefore easily be removed. It is to be noted, that 
the upper half of the optical layer 16 shown in figure 6b 
Is no longer shown in figure 8. It can be cut away during 
removal of the master 10. As the smoothening layer 16 
has been conrtpleteiy renrraved, It is not part of the final 
optical device and therefore not exposed to any radiation 
during subsequent use of the devtoe, thus avoiding sta- 
bility problems. 

[0047] The master 1 0 can subsequently be coated with 
a new smoothening layer 1 6 in order to begin a new rep- 
ik»tion process for producing another optteal devtee. The 
upper surface 1 6a of the optical layer 18 shown In figure 
8 can now be used as a focussing reflecting minor for X- 
rays or other radiation. As becomes clear by comparing 
figure 8 with figure 6b, this reflecting surface 18a has 
always been in contact with the outer circumferential sur- 
face of the smoothening layer 1 6, and will therefore have 
a small roughness of only some A leading to a good mlnror 
reflectivity. If the layer 1 6 Is a multilayer, it gets dear from 
Rg. 8 that its topmost layers have been directly grown 
on the smoothening layer 16, so that these topmost lay- 
ers, the adjacent layers which have been deposited on 
them as well as their interfaces will have excellent rough- 
ness values. This is an advantage of using such a repli- 
cation method for optical purposes as generally the top 
layers of a multilayer have the higher potential contribu- 
tk>n to the reflected field because of less absorption. 
[0048] Rgure 9 shows a front view similar to figure 8 
at the end of an alternative embodiment of the method 
according to the invention. This altemath^e embodiment 
differsfrom the embodiment described in connection with 
figures 3 to 8 in two different aspects: 
[0049] In the first place, the embodiment illustrated in 
figure 9 uses a smoothening layer 16 which is not at- 
tacked by the solvent in the tank 22. Instead, at the be- 
ginning of the master production process according to 
this embodiment of the Invention, the master 1 0 has been 
coated with an additional release layer sunoundlng the 
smoothening layer 16. This release layer has later on 
been dissolved by the solvent In the tank 22 and is there- 
fore not shown in figure 9. 
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[0050] As a further essentia) difference between the 
embodinrtent lilustreted in figure 9 and the first embodi* 
ment described above, the object produced by replication 
In this alternative embodiment is not an optical layeritsetf , 
but ratherthe epoxy glue layer 20. tn this case, the master 
1 0 with the smoothening layer 1 6 surrounding the master 
core 10a and the release layer surrounding the 
smoothening layer 16 is directly coated with the epoxy 
or other glue In the way described above, for example 
by immersing the master 10 in highly flowable heated 
epoxy glue provided in the recess 1 4 of the object support 
12. The epoxy glue Is then again allowed to cure. After 
this intemiediate step, the entire set-up comprising the 
master 1 0 and the object support 1 2 bonded to each other 
by means of the glue layer 20 is again immersed in the 
tank 22 containing a solvent which only dissolves the 
release layer. The master 1 0 still having the smoothening 
layer 16 on top Is then removed from the object support 
1 2 as shown in figure 9, leaving the glue layer 20 bonded 
to the object support 12. In this case It Is the upper glue 
layer surface 20a of the glue layer 20 which has con- 
stantly been In contact with the outer drcumf erentlel sur- 
face of the meanwhile dissolved release layer, so that 
the upper surface 20a is extremely smooth and has the 
desired surface shape, and can therefore successfully 
be used as a substrate for the deposition of an optical 
monolayer, bilayer or multilayer. This deposition is then 
executed on a substrate the shape of which is a coun- 
terfprm of the master surface, so that after the optical 
layer deposition one obtains a suitably curved focussing 
and^orcolllmating aspherlcal mirror. 
[0051] The replication master producing method ac- 
cording to the invention as well as the entire method for 
produdng a smootti optical device or a smooth substrate 
according to the invention are not at all limited to the 
above embodiments. The master core 10a may have a 
different shape, for example any spherical or aspherlcal 
shape like an ellipsoid, a paraboloid or a cylinder, and 
may be made from a non-metalilc material, for example 
glass. SImilarty the object support 12 can be made by 
any sufftcientty stable material, and the recess 14 may 
In general either be pre-shaped to an approximate coun- 
terfonn of the master 1 0, or may have a simpler and slight- 
ly larger shape, so that gaps between the object support 
12 and the master received in the recess 14 are filled 
with glue during the production method according to the 
Invention. In another embodiment, the transfer of the ob- 
ject, sumounding the smooth master, to the object sup- 
port 1 2 prior to the releasing step can be done by means 
of molecular adhesion. 

[0052] As mentioned above, the release layer used in 
the second embodiment illustrated in figure 9 could also 
be provided between the layer core 10a and the 
smoothening layer 1 6. In this case as well as In the case 
shown in figure 9 the smoottienlng layer 16 and/orthe 
release layer may be soluble. 
[0053] Furthermore it has to be pointed out that the 
releasing step need not necessarily be realised chemi- 



cally by means of a solvent One can conceive removing 
the master 10 from the object support 12 at the end of 
the replication mettiod according to the invention by cool- 
ing and shrinking tiie master 10. 

s [0054] Furthermore, as explained in the Introduction, 
the method according to the invention may comprise pro- 
filometry and/or reflectometry characterisation of an op- 
tical layer 18 deposited on the master 10. In tills case 
the object support 12 shouM be chosen such as to be 

^0 easily mountable In a profilometry or reflectometry appa- 
ratus, for example on a goniometer table of an X-ray re- 
fiectometer. 

[0055] Rnally it has to be pointed out that alttiough in 
the above description of the method according to the in- 

'5 vention, the step of coating at least a part of the master 
with a smootiienlng layer is an additional step executed 
after the step of treating the master surface by diamond 
tuming, tills diamond tuming step for treating tiie master 
surface could also be completely skipped. Furthermore 

20 one COM ateo execute additional surface treatment 
steps between diamond tuming and before applying the 
smoothening layer, e.g. short polishing. 



25 Claims 

1. A metiiod for producing a replk^lon master (10) 
having a surface witii tow roughness, comprising tiie 
steps of: 

3D 

• fomnlng saM master (10) such as to have a 
desired external surface shape which at least 
partially con^sponds to a counterform of a sur- 
face of an object (18, 20) to be produced by rep- 

35 llcation; and 

• treating said extemal surface of said master 
(10) to obtain a predetermined surface rough- 
ness value. 

<o characterized In that 

said method comprises the step of coating at least 
a part of said master (1 0) with a smoothening layer 
(16), said smoothening layer (16) being made fit>m 
a material having a fiowabllity such tiiat the top sur- 
^ face of said smoothening layer (1 6) displays a small- 
er roughness than the surface on which it Is formed. 

2. The method according to claim 1 , characterized In 
that said smoottienlng layer (16) is applied by dlp- 

50 coating or spin-coating sakf master (1 0} with a ilquM 
smootiienlng material and hardening said 
smootiienlng material. 

3. The method according to daim 1 or 2, characterized 
55 in that it furthermore comprises the step of coating 

at least a part of said master (1 0) with a release layer. 

4. The method according to any of claims 1 to 3, char- 
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acterlzedin that said smoottiening layer (16) and/or 
said release layer Is made of a soluble material, in 
particular a soluble polymer material, for example a 
PMMA photoresist. 

5. A replication method for producing a smooth object 
(16,20) having a low surface roughness, comprising 
the steps of. 

• producing a replication master (10) by a meth- 
od according to any of the preceding claims; 

- coating at least a part of said master (1 0) with 
an object material such that the surface of said 
object (1 8. 20) coHBsponds to a counterform of 
said master (10); and 

- releasing said object (1 B, 20) from said master 
(10). 

6. The method according to claim 5, characterized In 
that said releasing step comprises dissolving said 
smoothening layer (16) and/or saki release layer on 
top of said master (1 0) by a solvent. 

7. Themethodaocordlngtoclalm5or6, characterized 
In that It furthemnore comprises the step of providing 
glue (20) to said object (18, 20) and/or to an object 
support (12) and glueing them together before exe- 
cuting said releasing step. 

8. The method according to claim 7, characterized in 
that the amount of said glue (20) Is chosen such as 
to fill gaps between said object (IB, 20) and said 
object support (12). 

9. The method according to any of claims 5 to 8, char> 
acterlzed In that said objects (1 8) is an optical de* 
vice (1 8), e.g. a reflection ortransmlssion monolayer, 
bllayeror multilayer. 

10. The method according to dalm 9, characterized In 
that It hjrthennore comprises the step of character* 
Izing said optical device (18) on top of said master 
(1 0) before executing said releasing step. 

11. The method according to claim 10, characterized 
In that said characterization step comprises per- 
fonming a profllometry and^ora reflectometry meas- 
urement of said optical device (1 8). 

12. The method according to any of claims 5 to 8, char- 
acterized In that said object (20) Is a substrate (20a) 
for an optical device (1 8). 

13. The method according to claim 12 when dependent 
on claim 7, characterized In that said object mate- 
rial and the material of said glue (20) are Identical. 

14. The method according to claim 13. characterized 



In that said object material and said glue (20) com- 
prise epoxy resin. 

15. The method according to any of claims 12 to 14, 
s characterized In that It furthermore comprises the 

step of coating at least a part of said master (1 0) with 
a protection layer on top of said smoothening layer 
(1 6) or release layer before applying said object ma- 
terial. 

10 

1 6. A replication master (1 0) for producing a smooth ob- 
ject (18, 20) having a low surface roughness, saM 
master (1 0) having an external surface shape which 
at least partially corresponds to a counterform of a 
surface of said object (1 8. 20), 
characterized In that at least a part of said master 
(10) is coated with a smoothening layer (16). said 
smoothening layer (1 6) being made from a material 
having a flowabiilty such that the top surface of said 

^ smoothening layer (16) displays a smaller rough- 
ness than the surface on which It is formed. 

17. The replication master (10) according to dalm 16, 
characterized In that It Is furthermore at least par- 

25 tially coated with a release layer. 

1 8. The replication master (1 0) according to claim 1 6 or 
17. characterized in that said smoothening layer 
(16) and/or said release layer Is made of a soluble 

so material, In particular a soluble polymer material, for 
example a PMMA photoresist 



PatentansprQche 

35 

1 . Verfahren zur Herstellung einer Repllkationsmatrize 
(10), die.elne OberiiSche mit niedriger Rauhlgkelt 
aufwelst, umfassend die Schritte: 

40 . Bllden der Matrize (10) derart. dass sle eine 

gewOnschte ftuBere Oberflfichengestalt auf- 
welst, welche zumindestteilweise einer Gegen- 
form einer Oberfl&che eines durch Repilkatlon 
. herzustellenden Objekts (1 8, 20) entspricht; und 
^ - Behandein der fiuBeren Oberf Iftche der Matri- 

ze (10) zur Erziatung eines vorbestlmnTten 
Oberfiachenrauhigkeitswerts, 

dadurch gekennzelchnet,da8a das Verfahren den 
so Schritt des Beschlchtens wenlgstens eines Tells der 
Matrize (1 0) mit einer GIfittungsschbht (16) umf asst, 
wobei die Giattungsschlcht (16) aus einem Material 
hergestellt Ist, welches eine FllelSfahigkelt derait be- 
sitzt, dass die obere OberflSche der Gimtungs- 
ss schlcht (16) eine kleinere Rauhlgkelt aufwelst ais 
diejenige Oberildche, auf der sle gebildet Ist 

2. Verfahren nach Anspnjch 1, dadurch gelcenn> 
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zelchnet, dasa die Glfittungsschlcht (16) autge- 
bmcht wind, indem die Matrize (10) mit einem flOssl- 
gem GlSttungsmatedal tauchbeschlchtet Oder rota* 
tlonabeschichtet wlrd und das Gtattungsmaterial 
ausgehditetwird. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch ge- 
kennzelchnet, dass es femerden Schrttt des Be- 
schichtens wenigstens eines Telle der Matrize (10) 
mit elner Abldseschicht umf assL 

4. Verfahren nach einem der AnsprOche 1 -3, dadurch 
gekennzelchnet, dasa die GIfittungsschicht (16) 
und/oder die Abldseschicht aus einem Ifisbaren Ma- 
terial hergestellt ist/sind, insbesondere einem tdsba- 
ren Polymarmaterial, beisplelsweise einem PMMA- 
Photoresist 

5. Repliicationsveitahren zur Herstellung elnes glatten 
Objekts (1 8, 20) mit elner niedrigen Oberfl&chenrau- 
hlgkelt. unnfassend die Schrltte: 

- Herstellen einer RepllKationsmatrize (10) mlt- 
tels eines Verfahrens nach einem der vorherga- 
henden AnsprOche; 

- Beschichten wenigstens eines Tells der Matri- 
ze (10) mit etnem Objeldmaterial dsrart, dass 
die Oberfl&che des Objelcts (18, 20) einer Ge- 
genfomi der Matrize (10) entspricht; und 

- Abldsen des Objekts (18, 20) von der Matrize 
(10). 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet» dass der Abldseschritt ein Aufl6sen der 
Giattungsschicht (16) und/oder der Abldseschicht 
oben auf der Matrize (10) mit Hilfe elnes LOsungs- 
mittets umfasst 

7. Verfahren nach Anspnjch 5 oder 6, dadurch ge- 
kennzeichnet, dasa es femer den Schritt umfasst, 
Kiebstoff (20) auf das Objekt (18. 20) und/oder auf 
einen Objekttrdger (12) aufzubringen, und sle zu- 
sammenzukleben, bevor der Abldseschritt ausge- 
fOhrtwird. 

8. Veitahren nach Anspruch 7, dadurch gekenn- 
zelchnet, dasa die Menge des Klebstoffs (20) derait 
gewfihlt 1st, dass LQcken zwischen dem Objekt (1 8, 
20) und dem Objekttrfiger (12) gefOiit werdan. 

9. Verfahren nach einem der AnsprOche 5 - 8, dadurch 
gekennzelchnet, daas das Objekt (18) eine opti- 
sche Vorrichtung (18) ist. beisplelsweise elne Refle- 
xions- oderTransmlssions-Einfachschlcht, -doppel- 
schicht Oder -vieifachschicht 



rislerens der optischen Vorrichtung (18) oben auf der 
Matrize (10) vor der DurchfOhmng des Abldse- 
schritts umfasst 

5 11. Verfahren nach Anspruch 10, dadurch gekenn- 
zelchnet, dasa der Charakterisienjngsschrttt das 
DurchfOhren elner Profilometrie- und/oder einer Re- 
flektrometrfe-Messung an der optischen Vonrichtung 
(18) umfasst. 

10 

12. Verfahren nach einem der AnsprOche 5 - 8, dadurch 
gekennzelchnet, daas das Objekt (20) eIn Substrat 
(20a) fOr eine optische Vonichtung (18) 1st. 

15 13. Verfahren nach Anspruch 12, bei Abhangigkeit von 
Anspnjch 7, dadurch gekennzelchnet, daaa das 
Objektmaterial und das Material des Kiebestoffs (20) 

identisch sind. 

so 14. Verfahren nach Anspnjch 13, dadurch gekenn- 
zelch net, dass das Objektmaterial und der Kiebstoff 
(20) Epoxydharz enthalten. 

15. Verfahren nach einem der AnsprOche 12 - 14, da- 
25 durch gekennzelchnet, dass es ferner den Schritt 
umfasst, wenigstens elnen Tell der Matrize (10) mit 
einer Schutzschicht oben auf der Gldttungsschtoht 
(16) Oder der AblSseschteht zu beschichten, bevor 
das Objektmaterial aufgebracht wird. 



16. Repllkatlonsmatrtze (10) zur Hersteilung eines glat- 
ten Objekts (1 8, 20) mit einer niedrigen Oberfldchen- 
rauhlgkeit, wobei die Matrize (1 0) eine au3ere Ober- 
fidchengestalt aufwelst, die zumindsst tellweise el- 
ner Gegenfomi einer Oberflfiche des Objekts (18, 
20) entspricht. 

dadurch gekennzelchnet, dass wenigstens ein 
Teit der Matrize (10) mit elner GIdttungschteht (16) 
beschlchtet ist. wobei die GIfittungsschlcht (1 6) aus 
einem Material hergestellt 1st das eine FIleBffihigkett 
derart bes'rtzt dass die obere Oberfidche der GIdt- 
tung8schicht(1 6) elne geringers Rauhlgkeltaufwelst 
ats diejenige Oberfidche. auf der sle gebildet Ist 
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17. Repllkation^natrize (10) nach Anspmch 16. da- 
durch gekennzelchnet, dass sle femer wenigsten 
tellweise mit elner Abl&seschicht beschlchtet Ist 

1 8. RepDkatlonsmatrize (1 0) nach Anspmch 1 6 Oder 1 7, 
dadurch gekennzelchnet, dasa die Gldttungs- 

schlcht (16) und/oder die Abldseschk;ht aus einem 
Idslichen Material hergestellt ist/sind, insbesondere 
einem idsltchen Polymemiaterial. beisplelsweise ei- 
nem PMMA-Photoresist 



10. Verfahren nach Anspruch 9. dadurch gekenn- 
zelchnet, daaa es femer den Schritt des Charakte- 
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Revendlcattons 

1. Proc6d6 de fabrication (fune matiice de reproduc- 
tion (10) ayant une surface de falbie rugosftd, confv 
prenant les stapes euivantes : 5 

- la formation de ladite matrlce (10) de mani^ne 
d avoir une forme de surface exteme d^sir^ 
qui corresponde au moins partlellement k un 
moute inverse d'une surface d'un objet (1 8, 20) io 
h fabriquer par reproduction ; et 

- le traitement de ladite surface exteme de ladite 
matrice (1 0) pour obtenir une valeur de rugosM 
de surface pr6d6term]n6e, 

15 

caracttrlsd once que 

ledtt proc^dd comprend i'dtape de revdtement d'au 
moins une partle de ladite rnatrice ( 1 0) avec une cou> 
che de lissage (16}, ladite couche de llssage (16) 
6tant constitute d'un matdrlau ayant une fluidity telle so 
que la surface de dessus de ladite couche de llssage 
(16) affiche une rugosltt Inftrieure & ia surface sur 
laquelle eDe estfomide. 

2. Proc6dd selon la revendlcation 1. caracterise en 2S 
ce que ladite couche de Rssage (1 6) est appliqu§e 
par trempage ou d6p5t d la toumette cte ladite ma- 
trice (10) avec un mattriau de llssage Ilqulde etpar 
durcissage dudit mat6riau de llssage. 

30 

3. Proc6d6 selon les revendtcations 1 ou 2, caract6rl* 
s6 en ce qu'il comprand en outre Tdtapa de revftte- 
ment d*au moins une partie de ladite matrice (10) 
par une couche antiadhteive 

35 

4. Proc6d6 selon i'une quelconque des revendications 
1 h 3, caractdrlsd en ce que ladite couche de lis- 
sage (1 6) et/ou ladite couche antladhtelve est cons- 
titute d'un mattriau soluble, en partlcuHertfun ma- 
ttriau polymfere soluble, par exemple un photordsis- 
tarn PMMA. 

5. Proctdt de reproduction pour la fabrication d'un ob- 
jet lisse (1 6, 20) ayant une surface de faible rugosltd, 
comprenant les Stapes suivantes : 45 

- la fabrication tfune matrice de reproduction 
(1 0) par un proctdt selon fune quelconque des 
revendications prtctdentes ; 

- le revdtement d'au moins une partie de ladite so 
matrice (10) par un mattriau d'objet tel que la 
surface dudit objet (16, 20) coresponde h un 
moule Inverst de ladite matrice (10) et 

- le dtmoulage dudit objet (1 8, 20) de ladite ma- 
trice (10). 55 

6. Proc6d§ selon la revendicatlon 6, caract6rM en 
ce que ladite ttape de dtmoulage comprend la dis- 



solution de ladite couche de lissage (16) et/ou de 
ladite couche antiadhtsive au-dessus de ladite ma- 
trice (10) par un soh^ant 

7. Proo6d6 selon les revendications 5 ou 6, carecttrl- 
8t en ce qu'il comprend en outre I'ttape d'appfica- 
tion de oolle (20) sur ledlt ot^et (18, 20) et/ou sur un 
support d'objet (12) et collage de ceux-ci ensemble 
avant de proctder k ladite ttape de dtmouiage. 

8. Proctdt selon la revendication 7, caracttrlst en 
ce que la quantity de ladite colle (20) est choisle de 
mani^re h rempllr les espaces entre ledlt objet (18, 
20) et lecfit support d'objet (12). 

9. Prooddt selon I'une quelconque des revendications 
5 d 8, caracttrlst en ce que ledlt objet (1 8) est un 
disposftif optique (16). par exemple une monocou- 
che, bicoudie ou multicouche de reflexion ou de 
transmission. 

10. Proo6d6 selon la revendication 9, caracttrist en 
ce qu'il comprend en outre Pdtape de caractdrisation 
dudit dispositif optique (18) au-dessus de ladite ma- 
trice (10) avant de procdder k ladite ttape de dd- 
moulage. 

11. Proctdt selon la revendication io, caracttrM en 
ce que ladite ttape de caracttrisation comprend 
I'extcution d'une mesure de profiiomttrie et^ou de 
rdflectomdtrie dudit dispositif optique (18). 

12. Proctdd selon rune quelconque des revendications 
5 ft 8, caracttrise en ce que ledlt objet (20) est un 
substret (20a) pour dispositif optique (18). 

13. Proctdt selon la revendication 12 lorsqu'elle de- 
pend de la revendication 7, caracteriad en ce que 
leditmatdriau de I'objet et le mattriau d^ ladite colle 
(20)8om Identiques. 

14. Proctdt selon la revendication 13. caracttrlat en 
ce que ledlt mattriau de I'objet et ladite colle (20) 
contiennent de la rtslne tpoxy. 

16. Proctdt selon Tune quelconque des revendications 
12 £i 14, caracttrist en ce qu'il comprend en outre 
rttape de revttement d'au moins une partie de ladite 
matrice (1 0) avec une couche de protection au-des- 
sus de ladite couche de llssage (1 6) ou de la couche 
antiadhtsive avant I'application dudit mattriau de 
I'objet 

16. Matrice de reproduction (1 0) pour la fabrication d'un 
objet lisse (1 8, 20) ayant une faible rugosltt de sur- 
face, ladite matrice (10) ayant une fomie de surface 
exteme qui conespond au moins partlellement k un 
moule inverse d'une surface dudit objet (1 8. 20), ca- 
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ractdrlsde en ce qu'au molns une partle de lacfite 
matiice (10) est rev^tue (fune couche de llssage 
(16). iadlte couche de nssage (16) ^tant constitute 
tfun matdriau ayant une fluidity tells que la surface 
de dessus de Iadlte couche de llssage (16) affiche s 
une rugosit6 inldrieure h la surface sur laquelle elle 
est formde. 

17. Matrice de reproduction (10) selon la revendtcation 

1 6, caracterlsie en ce qu'elle est en outre au moins to 
partiellement revStue d'une couche antiadhtelve. 

18. Matrice de reproduction (10) selon Pune des reven- 
dications 16 ou 17, caract^risde en ce que tadite 
couche de lissage (16) et^ou tadite couche antlad- is 
hfelve est oonstltu6e (fun mat^rlau soluble, en par- 
tlculierd'un mat^riau potym^re soluble, par exemple 

un photor6slstant PMMA. 
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